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INTRODUCTION 
Zinc deficiency, in many cases, is closely related to organic 
matter decomposition. DeRemer and Smith (1964) studied the effects 
of decomposing sugar beet tops on the reactions of zn6S in a Portneuf 
soil. They frund that with time the zn6S associated with lime 
minerals, exchangeable, and water soluble fractions of the soil 
decreased, while that found with the organic and mineral fractions 
increased. This increase in the mineral fraction is of particular 
interest, since the majority of the zn6S was frund to be with this 
fraction after a period of time . They also showed that the increase 
in zn6S associated with the sand-silt size fraction after a rough 
separation was greater than with the clay fraction. Smith, Henry, 
and Shoukry (1965) studied the zn6S associated with the organic 
fraction as it changed with time , They found that the zn6S associ-
ated with the fulvic acid increased rapidly during early incubation 
periods, but in the later incubation periods had decreased considerably 
and was found in the mineral fraction . Shoukry (1966), in a study of 
the effect of decomposing organic matter on the available zn65 as 
determined with various reagents, found that after 12 weeks incubation 
a great portion of the zn6S was found associated with the mineral 
fraction . 
This reaction of the mineral fractions, especially the sands and 
silts, has not been explained, although several hypotheses do exist. 
It is possible that there is bonding of Zn by organic matter either 
directly to the sands or silts or to the edges of the crystal lattices 
of clay, causi ng these enlarged clays to separate out in si lt- sized 
fractions . There also is the hypothesis of the Zn reacting directly 
with the sand and silt-sized fraction. 
This experiment was established to investigate the reactions of 
the Zn with the mineral fraction of the soil . The major objectives 
were: 
1 . To establish what size fractions are involved in the inacti-
vati on of Zn. 
2. To determine the effect of organic matter on the inactivation 
of Zn by various mi neral fracti ons . 
). To determine the effect of i ncubati on of the soils on the 
inactivation of zn65. 
These objectives were investigated by using soils covering a wide 
range of Zn problems , from Zn deficient t o borde r - line t o non-Zn 
deficient . The soils were then treated wi t h organic matter and zn65 
and subjected to different lengths of incubation . They were then 
mechanically separated into different fractions to determine the 
relation of these fractions to Zn inactivation. 
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REVIEW OF LITERATURE 
Chandler (1937) ci ted Raulin (1869) as presenting strong evidence 
for the need of Zn in the culture medium of some fungi. Javillier 
(1912) emphasized that Zn is found as an impurity in even the purest 
of chemicals and also is present in glassware , He demonstrated 
growth differences in Aspergillus when grown in different glassware. 
Steinbert (1918) showed that Zn was an essential element, not just a 
growth sti!IIJlant, as marzy bad felt. This was put on a more substantial 
ground by Ma.z~ (191.4) and Sommer and Lipman (1926) in a series of 
experiments, in which Zn was carefully excluded from all sources. 
Hoagland e t al. (1937) described the effect of Zn deficiency on lemon 
and other t.rees, while Mowry and Camp (1934), Alben et al. (1932), 
Demaree et al. (1933), and Fi nch and Kinnison (1933) all demonstrated 
that applicati on of Zn cured rosette and mottle leaf diseases. 
The amount of Zn found in the soil is usually sufficient for 
plant growth, if all of it were available . Zn availability, however, 
is affected by marzy things: lime, pH, phosphorus, organic matter, 
clay, and mineral types . 
Lime and pH 
The separation of the effect of lime minerals and the effect of 
pH on the availability of Zn is not easy in a literature search, since, 
in most cases, lime minerals were used to effect the pH changes . 
Floyd (1917) described injury in the form of frenching of foliage, 
3 
4 . 
rosette-like growth, and dying back of branches caused by excessive 
additions of limestone to Florida citrus groves. Camp and Re~ther 
(1937) found that citrus groves with pH greater than 6 very commonly 
had Zn deficiency ~ptoms. Peach (1941 ) showed that, as the pH of a 
soil was increased with CaC03, the amount of extractable zinc decreased, 
until little was extracted at a pH of 9. Lott (1938) related the 
?.mount of Zn in the soil solution as decreasing as the pH increased . 
Epstein and Stout (1951 ) correlated the increase of Zn uptake by 
plants to an increase in the ratio of H ions to Ca ions in the soil. 
Jurinak and Thorne (1955) investigated the formation of sincate 
in alkaline soils. They titrated suspensions of Utah bentonite to t, 
1, and 2 percent of their base exchange capacities with zn65; pH was 
varied with sodium, potassium, and calcium hydroxide . In both sodium 
and potassium systems, Zn solubility reached a minimum in the range of 
pH 5.5 to 6.7, but then it increased as pH increased. This, they felt, 
supported the concept of the formation of soluble zincate ions . In the 
calcium system, minimum Zn solubility was reached at a pH of 7. 6 with 
no increase i n solubility as pH indreased; this was explained by the 
formation of an insoluble calcium z incate. \fear (1956) , using caco3, 
CaS04, and Na2co3 in a Norfolk sandy loam, measured the uptake of Zn 
by sorghum. He felt that reduction i n Zn uptake, due to addition of 
2000 pounds Caco3 per acre , was a pH effect not a calcium effect . 
Boawn et al. (1960 ) measured the change in the Zn uptake due to pH 
changes caused by various nitrogen carriers. 
Waltz, Toth, and Bear (1953) demonstrated that the uptake of zn65 
was decreased by increasing applicat ions of limestone . Leeper (1952) 
postulated on the role of Caco3 as an adsorbent for heavy metals . 
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Jurinak and Bauer (1956) measured the thermodynamics of Zn adsorption 
on calcite, dolomite, and magnesite-type minerals. They concluded 
that the similarity in ionic sizes of Mg++ (6.78R) and zn•• (0.83R) 
and the similarity of the unit cell lengths of ZnC03 (5.67~) and Mgco3 
(5.63R) suggest that zn++ could compete favorably with Mg++ for lattice 
cites. The competition of zn•• with ca++ was ruled out, since ca•• 
has ionic radius of 1.0~ and CaC03 a unit length of 6.3~). Waltz 
et al . (1953) measured the uptake of zn65 by plants , as affected by 
increasing application of limestone, from 2,000 to 10,000 pounds per 
acre. This was shown to reduce the zn65 activity in the plant tissue 
by eight times . 
Phosphorus 
Chapman et al. (1937), in an experiment involving young navel 
orange trees , found that large doses of phosphate under controlled 
nutrient conditions accentuated zinc deficiency . Chapman et al. 
(1940 ) again emphasized that high levels of phosphate could accentuate 
Zn deficiency . Rogers and Wu (1948 ) found tba t as increasing amounts 
of phosphate were applied to the soil, Zn uptake decreased while P 
uptake increased . Millikan (19L2) observed accentuated Zn deficiency 
in flax with increasing P application . Thorne and Wann (1950) pre-
sented data showing association between high co2 soluble phosphate and 
Zn deficiency of fruit trees , growing in coarse textured , noncalcareous 
Utah soils . Bingham et al. (1958) found that Zn deficiency was brought 
about by P fertilization only when exceedingly large amounts of P were 
applied. He concluded that Cu, and maybe even B, are more affected by 
heavy phosphate addition than Zn is. Boawn et al . (1954 ) studied the 
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possible P-Zn antagonism in field beans heavily fertilized ~ith P. 
They concluded that reduced growth associated with the large addition 
of P was due to factors other than P-Zn antagonism. Seatz (196o ) 
measured the effect of the form of phosphate fertilizer . He found that 
monocalcium phosphate had a positive effect on Zn uptake . As i t was 
increased, Zn uptake increased, but with tricalcium phosphate the 
reverse was true. He explained t his more on the basis of the effect 
of the phosphate fertilizer on pH than on direct reaction with Zn. 
Monocalcium phosphate changed the pH from 7.2 to 6.1 , when the rate of 
P was changed from 1, 000 to 2,000 pounds per acre. For the same change 
in P application, tricalcium phosphate changed the pH from 7.2 to 7.3 . 
Organic llatter 
Baumann (1885) measured the amount of Zn absorbed by the humic 
acid fraction of various soils . He extracted organic matter from a 
soil with NaOH and then reprecipitated it with HCl. He found humic 
acid fixed 0.476 grams of Zn per 100 grams of humic acid . Jones , 
Gall, and Barnette (1936 ) leached Zn solution through columns of soil 
topped with saw grass peat . They found that the peat retained most 
of the added Zn. 
Peach (1941) found that the formation of humates of Cu and Zn, in 
the acid soils of Florida, reduced the availability of these elements . 
This was especially noted in soils where the base exchange resulted 
primarily from organic matter . Hibbard (1940a ) sh011ed that Zn content 
in the surface 2 inches of the soils was hi gher than in the lower 
layers. He also found that Zn was not easily leached from the soil. 
Himes and Barber (1957 ) measured the absorption of Zn by soil organic 
matter . They found that the humic fraction absorbed about four times 
as much Zn as the fulvic acid fraction . 
DeRemer and Smith (1964) showed that decomposition of sugar beet 
tops, before the planting of field beans, resulted in the beans 
developing Zn deficiency . They found a decrease with time in added 
zn65 associated with the water soluble, acid soluble, and exchangeable 
fractions, while zn65 was shown to increase in the organic and mineral 
fractions . Henry (1966 ) followed the effect of decomposing organic 
matter as it affected zn65 associated with various organic fractions. 
He found that the zn65 was extracted with the fulvic acid fracti ons 
early in the decomposition stages, while in the later stages the zn65 
found was associated with his "residue" fraction. 
The separation of the effects of organic matter and that of 
microorganisms is very diffi cult . Since the latter are responsible 
for the conversion of fresh organic residues to soil humus, Hibbard 
(l940b ) believed that soil microorganisms could be responsible for 
Zn deficiency in higher plants , if the Zn content of the soil was low . 
Ark (1937) found that sterilization of a Zn deficient soi l resulted 
in the correction of this problem . 
Fixation by Soil Minerals 
As already mentioned by Jurinak and Bauer (1956 ) , the similarity 
of the ionic radii of zn++ and Mg++ could allow znH to replace Mg++ 
in not only the Mgco3 lattice, rut in other Mg containing minerals. 
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Elgabaly and Jenny (1943 ) suggested three forms of Zn were in the 
soil: (a ) replaceable Zn, (b ) difficultly replaceable Zn (this they 
felt was in the inner layer of the double layer) , and (c) non- replaceable 
Zn (mineral lattice Zn) . Later, Elgabaly (1950), by measuring the 
changes in the base exchange capacity, assumed that zn•• reacted with 
the mineral crystal lattice in one of three ways . First, it could 
occupy the cavities in the alumirrum octahedral layer, which were 
comparable in size . Second, the zn++ might replace the Mg++ in the 
octahedral coordination of the mineral lattice. Third, zn++ might be 
adsorbed as a complex monovalent ion. 
Nelson and Velsted (l9SS) measured the relationship of Zn 
adsorption to the exchangeable ions; they found the following 
relation: 
H>Zn.:>Ca>Mg>K 
They concluded that a majorit,y of the Zn added to soils is converted 
to a non-exchangeable form . The portion of this Zn was shown to 
increase with ca++ saturation, time of reactions, and decreasing 
quantities of Zn . 
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METHODS 
Description of Soils 
There were three soils used in this experiment (table 1). The 
soils were a Pa.rtneuf silt loam, a soil which exhibits Zn deficiency 
in field beans following a crop of sugar beets; Taunton sandy loam, 
a soil which is known to be Zn deficient; and Millville loam, a soil 
with no known Zn problems . 
Experimental Design 
The experiment consisted of the three soils mentioned above with 
three organic matter treatments: no organic matter, or ground 
alfalfa, or ground sugar beet tops at a rate of 30 tons per acre 
equivalent green weight. Two Zn levels were used: 0 or 20 pounds 
Zn per acre furrow slice of soil added as ZnS04 . All soils were 
treated with zn65 as a tracer at a rate of 69 pc per kg . There were 
four incubation periods: 0 i ncubation, 6 weeks , 6 months, and l 
year. The experiment consisted of 72 treatments with two replications, 
giving a total of 144 pots . 
The soils were thoroughly mixed with the organic matter and Zn 
and then placed in quart plastic containers with l kilogram per con-
tainer. The soils received the equivalent of 100 pounds of N as 
NH4N03 per acre furrow slice. The soils were brought to field 
capacity where they were maintained during the incubation periods 
with deionized water. The temperature was maintained at 30 ! 1 c. 
9 
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Table 1. Some physical and chemical characteristics of the three soils 
used in this study 
Portneuf Taunton llillville 
Characteristic silt loam sandy loam loam 
pH (paste ) 7.8 8. 2 7.9 
Organic matter (%) 1.8 o.s 2.2 
Cation exchange 
capacity (me/lOOg) 2) . ) 1) . 8 1).6 
Available Zn 
dithizone (ppm) 1.5 o.s 4 .2 
EDTA (ppm) 1.3 o.s 4.3 
1/3 atmosphere 
moisture (%} 29.) 13 .7 16. 2 
Clay< 2 Jl (%) 17 .56 4.21 11.6o 
Silt 2- 5Jl (%) 7.51 ).56 8.54 
Silt S - 20 Jl (%) 14 .04 6. 87 14 .38 
Silt 20 - 50 )1 (%) )6.48 22.53 26. 87 
Sand So - 100 )l (%) 17 . 80 28.75 24 . 27 
Sand> 100 u (% ) 6.56 35 .00 14 .50 
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After the incubation periods, small white beans were planted and 
alJ owPd to grow for 6 weeks after planting . These plants were harvested 
by Shoukry (1966) for her th sis work. 
Soil Analysis (Modified after Jackson , 19581 
After the plants were harvested, the soils were air dried and 
ground lightly in a mortar. The soils were then treated as follows 
(figure 1): 
1. Twenty grams of the air dried soil was weighed into a 250 
ml centrifuge bottle for cleaning and separation into size 
fractions. 
2. Water-soluble zn65 was removed by adding 100 m1 of 80 percent 
ethanol to each bottle. These bot tles were shaken for 15 
minutes on a mechanical shaker and then centrifuged until the 
supernatant was clear. The supernatant was decanted into 
100 ml volumetric flasks and then brought to volume and saved 
for counting . 
J, Destruction of the carbona~es and the removal of divalent 
cation were obtained by adding 100 ml of NaOAc buffer, 
pH 4.7, to each bottle, after the removal of water soluble 
zn65, and digesti.ng in a nearly boiling water bath for 30 
mJnu Les . The bottles were then centrifuged until the super-
nata nt was clear. The supernatant was decanted and saved for 
counting . 
4. Organic matter was destroyed after the carbonates were 
removed by adding 20 ml 30 percent H2o2 and allowing to stand 
overnight. An additional 20 ml was added, the reaction was 
20 grams soil 
t 
80 percent ethanol 
t 
NaOAc buffer pH 4.1 
t 
30 percent H202 
t 
Na-citrate, NaHC03, Na~~4 
2 1 . perJnt boiling Na2co3 
dispersion wir dilute Na 2co3 
.. , r (JOO =~~ .. 
~"' 5"• 100 J' J 
sand> 100 )I sedimentation 
~ 
clay< 2 Jl 
silt 20 to So Jl 
l 
silt 5 to 20 Jl silt2to 5y 
Figure l. Flow sheet Qf cleaning and fractionation procedures of 
various fractions of the znb5 in the soil. 
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allowed to subside, and the bottles then were placed in a 
water bath with temperature near 70 C for 4 hours. Fifty ml 
of NaOAc buffer was then added to remove the released ions, 
the bottles shaken for lS minutes, centrifuged, and counted . 
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S. The iron oxides (Fe203) were removed from the samples after 
destroying the organic matter with H202• Forty ml 3 _!! Na-
citrate and S ml l _!! NaHco3 were added to each of the samples, 
which were then placed in a water bath, the temperature was 
brought to 80 C, and 1 gram Nas2o4 was added by means of a 
calibrated spoon. The samples were allowed to digest for lS 
minutes, with occasional stirring. The samples were centri-
fuged and washed with So ml NaOAc buffer and centrifuged 
again. The washings were combined with first solutions and 
kept for counting. 
6 . The final cementing agents, the amorphous silica and alumina, 
were removed by adding 2SO ml 2 percent Na2co3 to each sample 
and boiling for S minutes. The samples were then centrifuged 
and the supernatant was decanted for counting. 
1. Separation of the mineral fraction was made . To each sample, 
200 ml dilute Na 2co3 (1.2 grams/liter) was added. The samples 
were then shaken on a mechanical shaker for 30 minutes . The 
samples were then dispersed to 10 em height and allowed to 
settle 40 seconds; then the suspension was decanted onto a 
300 mesh screen (suspension through screen was labeled <SOy ). 
The solid remaining was again suspended to 10 em height in 
more dilute Na2co3 and allowed to settle again. This was 
repeated with shorter settling times, until all of the sample 
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was on the screen. The sediment on the screen was washed onto 
a 140 mesh screen and washed thoroughly. The amount which 
went through the 140 mesh screen was washed again onto a 300 
mesh screen. That which went through the 300 mesh screen was 
combined with the<- SO )l fraction. The material on the 300 
mesh screen was labeled So to 100 Jl and that on the 140 mesh 
screen was labeled.> 100 Jl· 
B. The c:::. So Jl fraction was stirred and allowed to stand S minutes 
but not more than 10 minutes for each 10 em of depth; the 
supernatant was decanted and labeled < 20 Jl · The solid 
remaining was transferred to tall 200 ml beakers, dispel'8ed 
to S em depth, and allowed to stand 3 minutes. The super-
natant was decanted and combined with.:::: 20 )l fraction . The 
solid remaining was dispersed again to S em mark and allowed 
to settle 2 minutes S seconds. This was repeated five times, 
the last two times with distilled water. The supernatant was 
decanted each time and combined with the""'- 20 Jl fraction . 
The sedinent remaining was labeled coarse s ilt, 20 to SO Jl • 
9. The suspension was allowed to stand 8 hours for each 10 em of 
depth. The supernatant was decanted into 4 lite r beakers . 
The solid remaining was transferred to 2SO ml centrifuge 
bottles, dispersed to 10 em height, and centrifuged at 7SO 
rpm for S.3 minutes. This was repeated five times. The 
suspension was labeled less than 2 Jl • 
10. The solid remaining was dispersed in tall 200 ml beakers to 
10 em height and allowed to settle 30 minutes . This was 
repeated five times. The solid was labeled S to 20~. The 
The suspension was allowed to settle 8 hours for each 10 em 
height. The suspension remaining was combined with the<. 2 )l 
fraction. The solid remaining here was labeled 2 to 5 Jl• 
Counting Procedures 
A 5-ml subsample was taken from each liquid sample, placed in a 
16 x 100 mm culture tube, and counted for 1 minute. All solid samples 
were placed in tubes and dried and counted. The suspension ( < 2 )l ) 
was counted by diluting to 4 liters and taking a 200-ml subsample, 
which was dried and placed in a counting tube for counting . 
Equipment 
15 
Each extraction and fraction was counted with a Nuclear-Chicago 
model 183 scaling unit with a sodium iodide deep well detection crystal . 
Each sample was counted for 1 minute. 
Centrifugation was done with an International No. 2 centrifuge 
with a No. 277 head (times for various size particle settling given 
in table 2). Timing was done with a GRA-LAB universal timer . 
Table 2. Time required at various centrifuge speeds for 
International No. 2 centrifuge with No. 277 
head using 250 ml bottles with 10 em line and 
1 em of sediment at 20 C 
Particle Centrifuge 
diameter speed Time 
rpm mlllUtes 
0.2 3000 35.2 
1.0 1500 5 . 7 
2 .0 750 5 . 3 
5 . 0 300 5.3 
20 .0 0 4.3 
16 
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RESULTS 
Millville Soil 
80 percent ethanol (figure 2) 
The water soluble fractions , as extracted with 80 percent ethanol, 
showed a general decrease with time. The amounts of zn65 found in aqy 
incubation period or organic treatment were always low, never reaching 
1.5 percent. The effect of the organic treatments on this Zn extraction 
was alfalfa> sugar beets> zero organic matter. It was observed that 
the ethanol extracted a green pigment, assumed to be chlorophyll, from 
both the alfalfa and sugar beet treatment at the 6, 12, and 32 weeks 
incubation but not at the 58 weeks incubation . 
NaOAc buffer (figure 3) 
The zn65 extracted by pH 4. 7 NaOAc buffer showed a decrease of 10 
to 15 percent from the 6 to 32 weeks incubation, then a slight gain of 
5 to 8 percent from 32 to 58 weeks. The effect of the organic matte r 
on the Zn removed in this extraction was zero organic matter >- sugar 
beets >alfalfa except at 58 weeks, where the zero organic matter was 
the lowest. 
30 percent H2o2 (figure 4 ) 
The zn65 extracted by 30 percent H~2 showed an erratic pattern . 
From 6 to 12 weeks of incubation, the sugar beets and no organic 
matter caused a decrease, while the alfalfa brought on an increase in 
the Zn extracted . From 12 to 32 weeks all treatments showed an i ncrease . 
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Figure 2. The percent of the total zn65 extracted from the 
Millville soil that was removed with 8o percent ethanol . 
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Figure 3. The percent of the total zn65 extracted from the 
Millville soil that was removed with NaOAc buffer . 
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Figure 4. The percent of the total zn6S extracted from the 
Millville soil that was removed with 30 percent H202 . 
At this time the effect of the organic treatments on the Zn extracted 
was sugar beets >alfalfa:> zero organic matter. From 32 to 58 weeks 
all treatments decreased. The effect of organic treatments was of the 
same order as at 32 weeks but even more pronounced. 
Iron oxide (fi gure 5) 
The zn65 extracted follow ing the destruction of the i ron oxides 
by Na-citrate, NaHC03, and Na2s2o3 represented a major portion (40 to 
45 per cent) of the zn65 extracted at 6 weeks incubation. The amount 
of Zn in this fraction fell sharply from 6 to 12 weeks, then rose from 
12 to 32 weeks , and nearly leveled out during the 32 to 58 weeks . 
This appeared to be an effect of the length of incubation, not of 
or gani c matter additions. 
Sand > 100 Jl (figure 6) 
21 
The zn65 bound to the sand greater than 100 Jl in diameter increased 
from the 6 to 12 weeks incubation and then leveled off from 12 to 58 
weeks i ncubation . This sand fraction accounts for only 0.5 to 1 .5 
percent of the recovered zn65, 
Sand So to 100 Jl (figure 7) 
The zn65 with this fraction showed a gain from 6 to 12 weeks , and 
this leveled off until 32 weeks . There was then a gain from 32 weeks 
to 58 weeks . The effect of the organic treatments on the amount of 
Zn recovered at 12 weeks period was sugar beets >alfalfa ., zero 
organic matter. 
Silt 20 to SO .)l (figure 8) 
The zn65 with this fraction showed a gain from the 6 to 12 weeks 
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Figure 5. The percent of the total zn65 extracted during the 
destruction of iron oxides from the Millville soil. 
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Figure 6. The percent of the total zn6S extracted from the 
Millville soil that was bonded to sand> 100 u in diameter . 
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Figure 7. The percent of the total zn65 extracted from the 
Millville soil that was bonded to sand 50 to 100 in diameter. 
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incubation periods similar to that found in the SO to 100 y fraction. 
The effect of organic matter treatment on the Zn found was sugar 
beets> alfalfa .> zero organic matter. The zero organic matter treat-
ment showed a loss from 6 to 12 weeks; then it behaved similarly to 
the soils receiving organic matter. From 32 to 58 weeks all treatments 
behaved similarly in that all showed a gain in Zn . 
Silt 5 to 20 )l (figure 9) 
All treatments behaved similarly. All showed a rapid gain i n zn65 
from 6 to 12 weeks, followed by a more gradual gain from 32 to 58 
weeks of incubation. The effect of the organic matter treatment from 
the 6 to 12 weeks incubation was of the same order as the So to lOOJU 
and 20 to SO )1 fractions. 
Silt 2 to Sp (figure 10) 
All treatments showed a general increase in zn65 with time without 
respect to organic matter treatment. 
Clay~ 2 p (figure ll) 
The zn65 bound to the clay fraction showed a very rapid increase 
during the 6 to 12 weeks incubation period . The soil receiving sugar 
beets showed the greatest increase, while the soils receiving alfalfa 
or zero organic matter behaved alike. From the 12 to 58 weeks incuba-
tion, the zn65 with this fraction remained fairly constant. This 
fraction contained 20 percent of the zn65 at 6 weeks and the amount 
increased to 35 to 40 percent with time. 
Incubation effect (figures 12, 13, 14) 
The effect of the length of incubation, neglecting the 12 weeks 
6 
5 
4 
-o 
., 
" 
., 
> 0 
0 
., 
" .,., 3 
<D 
~ 
..., 
c: 
., 
~ 
., 
0.. 2 
l 
6 12 3 
Weeks incubation 
27 
0 No organic rna tter 
0 Alfalfa 
l::.. Sugar beets 
58 
Figure 9 . The percent of the total zn6S extracted from the 
Millville soil that was bonded to silt 5 to 20 Jl in diameter . 
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Figure 10 . The percent of the total zn65 extracted from the 
Millville soil that was bonded to silt 2 to 5 p in diameter . 
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soil that was found in the various mineral fractions as influenced by 
no organic matter addition prior to incubation. 
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Figure 14 . The percent of the total zn65 found in the llillville 
soil that was found in the various mineral fractions as influenced by 
sugar beet tops addition prior to incubation . 
32 
incubation, was 58> 32 > 6 weeks of incubation. The 12 weeks incuba-
tion for the zero organic matter treatment is greater than 32 but less 
than 58 weeks for all size fractions except the clay c. 2 Jl whe re it is 
greater than the 58 weeks incubation. For the organic treatments , 
alfalfa and sugar beets, the 12 weeks is between the 32 and 58 weeks 
f or the sands and coarse silts and is less than 32 weeks for the fine 
silts . For the clayc: 2)1 fraction, the incubation effect for the 
sugar beet and alfalfa treatments was 58> 12 :::r 32 > 6 weeks of 
!.ncubation. 
Taunton Soil 
80 percent ethanol (figure 15) 
The amount of zn65 extracted as water soluble Zn was low at all 
i ncubation periods , never reaching 1 percent of the total zn65 
recovered . There appeared to be a depression due to organic m tter; 
this was especially noted at 32 weeks incubation. 
NaOAc buffer (figure 16) 
There was a general decrease with time , going from 31 to 35 per-
cent at 6 weeks t o 17 to 18 percent at 32 weeks and then remaining 
constant unt i l 58 weeks . The effect of organic matter treatment was 
not noticed here . 
30 percent H~2 (figure 17 ) 
The alfalfa and sugar beet treatments showed a rapid increase i n 
Zn65 from 6 to 32 weeks (0,2 percent to 5 to 6 percent) and then a 
decrease from 32 weeks to 58 weeks incubation. The no organic ma tter 
treatment behaved similarly to the organic matter treatments, but wi th 
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Figure 15 . The percent of the total zn65 extracted from the 
Taunton soil that was removed with 80 percent ethanol. 
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lower amounts of Zn. The effect of the organic matter treatments on Zn 
r ecovered was sugar beets~ alfalfa;. no organic matter. 
Iron oxide (figure 18) 
The zn65 extracted b,y the destruct ion of the iron oxides showed a 
sharp decrease from 6 weeks , where zero organic matter treatment was 
the highest , to 12 weeks, where all three treatments were the same . 
From 12 to 32 weeks, both the zero and alfalfa treatments behaved the 
same , remaining fairly constant, while the sugar beet treatments in-
creased from 20 to 25 percent of the total recovered zn65 . From 32 to 
58 weeks , the organic treatments showed a sharp decline in zn65, while 
the zero organic matter remained constant . 
Sand > 100 Jl (figure 19) 
This fraction showed a sharp increase in zn6S between the 6 and 12 
weeks incubation. Then it remained fairly constant. Organic treatment 
does not seem to affect this fraction. 
Sand SO to 100 .Jl (figure 20 ) 
This fraction also showed a s harp increase in zn6S from the 6 to 
12 weeks incubation. This then decreased slightly up to the 32 weeks 
incubation and gained at 58 ·weeks . The effect of the organic treatment 
was no organic matter> sugar beets> alfalfa except at 58 weeks where 
alfalfa gave the highest Zn recovery. 
Silt 20 to 50)1 (figure 21) 
This fraction showed a general increase in zn65 from 6 percent to 
12 to 18 percent with time . The effect of the organic matter i ncreased 
the amount of zn65 with this fraction b,y 3 to 5 percent. An exception 
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Figure 18. The percent of the total zn65 extracted during the 
destruction of iron oxides for the Taunton soil . 
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Figure 19. The percent of the total zn65 extracted from the 
Taunton s oil that was bonded to sand > lOOy in diameter . 
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Figure 20. The percent of the total zn6S extracted from the 
Taunton soil that was bonded to sand So to 100 Jl in diameter . 
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Figure 21. The percent of the total zn65 extracted from the 
Taunton soil that was bonded to silt 20 to 50 Jl in diameter. 
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occurred at 58 weeks, where the sugar beets showed this increase but 
the alfalfa fell below the zero organic matter treatment. 
Silt 5 to 20 Jl (figure 22) 
This fraction showed a general increase i n zn65 with time until 
32 weeks, regardless of organic treatment. From 32 weeks to 58 weeks 
t he Zn remained fairly constant. 
Silt 2 to 5 Jl (figure 23 ) 
The zn65 bound to this fraction showed a decrease from 6 to 12 
u2 
weeks, with the organic treatments showing the greatest decrease. Then 
all fractions showed an increase until 58 weeks. 
Clay < 2 Jl (figu r e 2u) 
All treatments showed a sharp increase in zn65 (6 percent to 12 
to lh percent) between the 6 and 12 weeks incubation . The amru nt of 
zn65 associated with this fraction remained fairly constant from 12 
to 32 weeks incubation. From 32 weeks to 58 weeks there was a pro-
nounced effect due to organic matter in that both organic treatments 
(sugar beets and alfalfa} showed 5 to 10 percent higher amrunts of zn65 
than did the no organic matter treatment . 
Incuba t ion effect (figures 25 , 26, 27) 
For both the alfalfa and sugar beet treatments the incubation 
effect is similar . The 6 weeks incubation is lowest for all fractions , 
except 2 to 5 Jl and 5 to 20 )1 where the 12 weeks incubation is the 
lowest . The 12 weeks is next lowest except for the above exceptions, 
and for 50 to 100 )1 and<. 2 Jl where it is greater than 32 weeks . The 
32 weeks incubation is third except for the above exception . The 58 
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Figure 22 . The percent of the total zn65 extracted from the 
Taunton soil that was bonded to silt 5 to 20 Jl in diameter . 
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Figure 23 . The percent of the total zn65 extracted from the 
Taunton soil that was bonded to silt 2 to Spin diameter. 
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Figure 24 . The percent of the total zn6S extracted from the 
Taunton soil that was bonded to clay.:. 2 Jl in diameter. 
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Figure 25 . The percent of the total zn65 found i n the Taunton 
soil that was found in the various mineral fractions as influenced by 
no organic matter addition prior to incubation. 
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Figure 26. The percent of the total zn65 found in the Taunton 
soil that was found in the various mineral fractions as influenced by 
alfalfa additions prior to incubation . 
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Figure 27. The percent of the total zn6S found in the Taunton 
soil that was found in the various mineral fractions as influenced by 
sugar beet tops addition prior to incubation . 
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weeks incubation is the highest. For the zero organic matter treatment 
the effect is nearly the same, except for 2 to 5 p where all incuba-
tions appear the same. 
Portneuf Soil 
80 percent ethanol (figure 28) 
zn65 extracted by 80 percent ethanol decreased with time, with 
zero organic matter level usually having more zn65 extracted than 
either organic matter treatment. All were low at 6 weeks, not account-
ing for more than 1 percent of total recovered zn65, and all approached 
zero at 58 weeks of incubation . 
NaOAc buffe r (figure 29) 
The zn65 extracted by pH 4.7 NaOAc buffer showed a sharp decrease 
between 6 and 32 weeks incubation and then leveled off between the 32 
and 58 weeks of incubation . The sugar beet treatment was higher at 6 
and 12 weeks of incubation but all three organic matter treat100nts 
approached the same value at 32 and 58 weeks incubation . There was 15 
to 20 percent of the total recovered zn65 extracted with this fraction 
at 6 weeks. This fell to 7 percent at 32 and 58 weeks . 
)) percent .1Hz02 (figure 30) 
The zn65 extracted after the destruction of the organic rna tter by 
30 percent H202 was low for all treatments at the 6 weeks incubation. 
From 6 to 32 weeks all treatment s showed a gain in zn65 extracted wi th 
30 percent Hz02. From 32 to 58 weeks, alfalfa and no organic rna tter 
showed a decrease to almost the 6 weeks level, while the sugar beets 
showed an increase at the same rate as from 12 to 32 weeks of incubati on. 
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Fig".lre 26 . The percent of the total zn65 extracted from the 
Portneuf soil that was removed with 60 percent ethanol. 
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Iron oxide (figure 31) 
The zn65 extracted with the destruction of iron oxides by Na-
citrate, NaHC03, and Na2s2o3 was quite high at 6 weeks , accounting for 
35 to 40 percent of the recovered zn65. There was a decrease in the 
Zn recovered during the 6 to 12 weeks incubation, followed by an in-
crease at 32 weeks to just below what was found at 6 weeks . The Zn 
in this fraction leveled off between the 32 and 58 weeks of incuba-
tion. The treatments that had received alfalfa showed higher counts 
with this fraction than those treatments not receiving organic matter. 
The sugar beet treatment behaved similarly to the no organic matter 
treatment until 58 weeks, where it was at the same level as the 
alfalfa treatment. 
Sand > 100 )1 (figure 32) 
The sand> 100 Jl had very little zn65 bound to it and never more 
than 1 percent . Even though it had very little zn65, it was affe cted 
by both organic matter treatment and incubation. From 6 to 12 weeks 
all treatments showed an increase in Zn, with zero organic matte r 
higher than either organic treatment. From 12 to 58 weeks Zn in both 
the alfalfa and zero organic matter treatments leveled off while that 
in the sugar beet treatment showed a decrease at both the 32 and 58 
weeks. 
Sand 50 to 100 )1 (figure 33) 
The zn65 bound to this fraction ranged to 5 percent . From 6 to 
12 weeks Zn in both the alfalfa and zero organic matter treatments 
showed an increase while that in the sugar beet treatment remained 
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constant. From 12 to 32 weeks all treatments approached the same level, 
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Figure JJ. The percent of the tota~ ~65 extracted from the 
Portneuf soil that was bonded to sand 50 to 100)1 i n diameter . 
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this being a decrease for the first two and a slight increase for the 
sugar beets. From 32 to Sa weeks all treatments showed an increase, 
with alfalfa and zero organic matter showing a 1 percent higher level 
than sugar beets. 
Silt 20 to SO Jl (figure 34) 
This fraction showed a general but small increase in zn6S regard-
less of organic matter at 6, 12, and 32 weeks of incubation. At Sa 
weeks i ncubation both alfalfa and zero organic matter showed increases 
at the same rate as before, but the sugar beet treatment showed a 
decrease as was noticed with the So to 100 )l and > 100 .Jl fractl.ons . 
Silt S to 20 )l (figure 35) 
All treatments behaved similarly, showing a general increase with 
time, going from 3.5 percent at 6 weeks to 4 to 1 percent at sa weeks . 
Here again the sugar beet treatment behaved similarly to the other 
larger size fractions and was lower at sa weeks. 
Silt 2 to S )l (figure 36) 
The amount of zn65 bound to this fraction ranged from 5 percen 
57 
at 6 weeks to 9 to 10 percent at Sa weeks . The alfalfa and sugar beets 
treatments showed a strong decline in zn6S from 6 to 12 weeks incuba-
tion and then a gain from 12 to 32 weeks, while the zero organic matter 
1;rea tment showed a gradual gain from 6 to 32 weeks . From 32 to 3a 
weeks all treatments behaved similarly, showing gains . The sugar beet 
treatment at the sa weeks level again showed a decrease over the other 
treatments . 
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Clay ..L.. 2 )1 (figure 37) 
The zn65 bound to t his fraction showed a sharp increase between 6 
to 12 weeks going from 25 to 40 percent. From 12 weeks to 58 weeks the 
zn65 bound here was fairly constant. 
This fraction differed with respect to organic treatment in that 
whe re the sugar beet treatment had nearly always been lowest f or other 
mineral fractions, with this fraction it was the highest. 
Incubation effect (figures 38, 39, 40) 
The incubation effect if the 12 weeks i ncubation were removed 
would be 58 > 32 > 6 weeks incubation i n all cases . The 12 weeks 
incubation is higher for the fine sand and coarse silt and lower for 
the fine silts than the 32 weeks incubation. For all organic treat-
ments the i ncubation effect is the same for the clay"' 2 Jl , this 
effect being 12 > 58 > 32;;. 6 weeks incubation. 
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Figure 37. The percent of the total zn65 extracted from the 
Portneuf soil that was bonded to clay< 2 )1 in diameter. 
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GENERAL DISCUSSION 
Cleaning Reagents 
Water soluble 
The water soluble zn6S as determined by extraction with 80 percent 
ethanol was low for all three soils. This may have been h1gher if 
water had been used, but water can cause dispersion of some of the 
clay colloids and this would make it difficult to recover the clay in 
this and subsequent extractions. The incubation effect generally 
caused a decrease in water soluble zn6S with time. The effect of 
organic matter treatment was not pronounced except with the Millville 
soil, where the alfalfa treatment gave higher water soluble Zn at all 
i ncubation periods. 
NaOAc buffer 
The NaOAc buffer, at pH 4.7, removes the zn6S associated with the 
exchange complex as well as the zn6S associated with the lime minerals . 
Jackson (1958) notes that this procedure will remove the finely 
divided soil carbonates, including dolomite, found in the soil . 
All three soils, Millville , Taunton, and Portneuf , show the same 
pattern for the change in zn6S associated with this fraction. They 
all show a decrease from the 6 to 32 weeks i ncubation, then a sl1ght 
gain from 32 to 58 weeks incubation . The effect of the organic treat-
ment varies from soil to soil with the Millville soil being the only 
one in which there is a consistent effect due to organic liB tter. In 
this soil the Zn extractions were always zero organic matter.> sugar 
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beets > alfalfa . 
This frac t ion contains at 6 weeks i ncubation 20 to 2S percent, 30 
to 3S percent , and lS to 20 percent of the zn6S recovered for the 
Millville, Taunton, and Portneuf soils, respectively, while at )8 weeks 
of incubation, it contains 12 to lS percent, 12 to 15 percent , and 7 
to 8 percent of the recovered zn65 for the same respec t i ve soi ls. 
Time , not organic matter, appears to be responsible for the changes of 
zn6S within this fraction. 
Organic fraction 
Thirty percent H2o2 was used to destroy the organic matter in 
this experiment. This reaction requires an acid media around pH 5. 
This is obtained by destroying the soil carbonates with NaOAc buffer, 
pH 4.7 , and then destroying the organic matter. The di ssolution of 
Mn02 is also incident to the destruction of organic matter by H202 
with the reaction being: 
The zn65 extracted with this fraction showed s i milar patterns 
from 6 to 32 weeks in all soils. The alfalfa treatment showed almost 
a l i near rise from 6 to 32 weeks , goi ng from l.S percent to 4.5 per-
cent for both the Millville and Portneuf soils and from 0 . 5 percent 
to 4.5 percent for the Taunton soil . The sugar beet treatment showed 
a slower increase in zn65 from 6 to 12 weeks than did alfalfa , but at 
32 weeks for both Millville and Taunton it surpassed the alfalfa while 
for the Portneuf soil it was the same as zero organic mtter treat-
ments . From 32 to 58 weeks all soi ls showed a decrease in zn6S 
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associated with both the alfalfa and zero organic matter treatments , and 
for the Mill~ille and Taunton soils this was al~ exhibited by the sugar 
beet treatment. The sugar beet treatments for the Portneuf soil showed 
an increase from 32 to 58 weeks, almost paralleling the increase f r om 
12 to 32 weeks . 
Iron oxides 
The removal of iron oxides from the soil is obtained by reducing 
the ferric iron to ferrous iron with sodium dithionite (Na2SzD4 ) and 
then completing the iron with sodium citrate . Sodium bicarbonate 
(NaHco3 ) i s used as a buffering agent. Thi s method is designed to 
r emove hematite (alphaFe203), geothite (alphaFe02H), and hydrous iron 
oxides of varying composition, which usually are grouped under the 
term of limonite . The zn6S removed along with the destruction of 
these sinerals could either be the result of the destruction of iron 
minerals to which zn6S was bound or just due to the effect of the Na-
citrate complexing the Zn. This second effect could release zn6S from 
positions not affected by NaOAc or 80 percent ethanol or it might be 
zn6S released by the destruction of organic matter by 30 percent H202 
which was not recovered in the NaOAc buffer washings . In any case 
this needs more investigation" 
The zn6S released by the destruction of iron oxides accoo.nted for 
a large portion of the recovered zn6S i n all soils at the 6 weeks 
period. It accounted for 40 to So percent in the Millville , 30 to 35 
percent in tbe Taunton, and 35 to 40 percent in tbe Portneuf soil. 
There was a sharp drop in zn6S released by this treatment from 6 to 
12 weeks with a slight gain from 12 to 32 weeks for all soils . For 
the Millville and Taunton soil this drop and gain appeared unaffected 
by organic matter treatment while the drop and gain for the Portneuf 
soil was greatest for the sugar beet treatment with the alfalfa and 
69 
zero organic matter treatrents behaving similarly. Fran 32 to 58 weeks 
the organic and zero organic treatments of Millville and Portneuf 
behaved the same in that all showed a decrease in zn65 . For the Taunton 
soil, for this same time, the organic treatments showed a sharp drop 
but the zero organic matter treatment remained constant. 
The incubation period affected the amount of zn65 released by this 
treatment for all periods and all soils. The effect of organic matter, 
in particular sugar beets, was noticed during the 6 to 12 weeks incuba-
tion period in that it caused a greater decrease in zn65. 
Boiling 2 percent Na2C03 
Boiling 2 percent Na2C03 was used to complete the cleaning of the 
soil before dispersing it with dilute Na2C03 . The procedure i s designed 
to remove the amorphous alumina and silica . Some organic materi als if 
present can be removed as soluble sodium humates . The 2 percent Na2C03 
did not remove any zn65 in any of the soi ls . 
Mineral Fraction 
Sand and silt 
The reaction of the zn65 with the sand and silt fractions of all 
three soils appears to be a surface phenomenon . A comparison of a 
rough calculation of the surface area of the size fraction of the 
soils with figures 12, 13, 14 , 25 , 26, 27 , 38, 39, and 40, showing 
the effect of incubation periods , shows a striking s i milarity. 
Almost all of these fractions show a sharp increase i n zn65 from 
t he 6 to 12 weeks incubation and then a leveling off or gradual in-
crease or decrease until the SB weeks incubation. The sugar beet 
organic matter treatment usually resulted in a lower amount of zn6S 
associated with the sand and silt fractions at the various incubati on 
periods than the alfalfa and zero organic matter treatment . This is 
especially true for the Portneuf soil. This may be due to chelation 
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of the zn6S available for reaction with the sand and silt size fraction 
by the decomposing sugar beet tops. 
The various fractions of the sand and s lt seem to have a definite 
ability to react with Zn. This can be correlated to the total surface 
area of the fraction . The organic matter decomposition appeared to 
affect this in several ways: (l) by reducing the total amount of Zn 
available to react with these fractions by chelating or complexing 
it and (2) by speeding the reaction of Zn with the mineral fract1ons 
by making it more mobile. 
Clay -<- 2 )1 
After 6 weeks incubation the clay .t:. 2 Jl was responsible for 
approximately 20 percent, approximately 6 percent, and approximately 
26 percent of the zn65 recovered in the Millville , Taunton, and 
Portneuf soils, respectively. This increased to about 34 percent 
ll percent, and 32 percent, respectively, for the three soils at h~ 
32 weeks incubation. The Zn has been shown by Elgabaly (1950) to be 
capable of reacting with clay minerals in three ways 1 (l) replacing 
Mg-++ in the crystal lattice, (2) becoming trapped 1n the empty octa-
hedral positions which are similar in size to the zn++ ion, and (3) 
by replacing cations of similar charge in minerals similar to talc. 
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The reason for the low amount of zn6S associated w1 th the Taunt,on 
clay size fraction can be explained on the basis of the amount of clay . 
In the Taunton soil this fraction was only 4.3 percent of the mineral 
lhile for Millville and Portneuf soils this fraction was 14 percent and 
17 percent, respectively, of the total mineral. 
Here again the effect of organic matter treatment appears ~o be 
one of mobility. This means that when the Zn was added to a soil it 
immediately was bound to the surface of the lime mirerals , iron oxides , 
or, to a certain extent, clay . As the organic matter decomposed during 
the 6 and 12 weeks i ncubation, it mobilized the Zn either by complexing 
it or possibly due to changes in the pH at the site of the decomposi -
tion. Some of the reactions are quite stable and the Zn was held for 
quite a length of time . Other reactions may not be stable and this 
allowed the Zn to come again in contact with these m1nerals or with the 
sand, silt, or clay minerals. 
The same thing could happen with time in tba t Zn could be con-
stantly released from the lime minerals and iron oxides , which allowed 
it to be r~bsorbed by these minerals or to react with the sand, s i lt , 
or clay fractions . 
A comparison of the percent specific activity (percent count 
divided by percent weight) shows the same behavior as the graphical 
data . These are included in the Appendix in tables 3 through 8 . 
With these soils and under these experimntal conditions there does 
not appear to be any correlation between size fraction and percent 
specific activity of the three soils . 
SUMMARY AND CONCWSIONS 
The reaction of Zn with the various fractions of the soil can be 
shown to be dependent upon several factors. Some of these are (1) 
decomposition of orga nic matter, (2) amount of lime min~rals , (3) 
amount of iron oxides, and (4) amount of sand, silt, or clay. 
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The organic .atter did appear to be able to react directly with 
Zn. This can either prevent or accelerate the reaction of Zn rl th 
other fractions depending on the stability of the organic complex. The 
lime minerals and the iron oxides appeared to be the fractions with 
which Zn reacts early after its addition. These occur as finely di·· 
vided materials i n the case of soil carbonates, or as surface films i.n 
the case of iron oxides . The zn65 that was extracted when the iron 
oxide fraction was destroyed needs further investigation to determ1ne 
whether the zn65 was released due to the direct destruction of the 
iron oxides or due to the complexing effect of the sodium citrate for 
Zn. 
The sood and silt size particles appeared to have a defi nite 
affinity for Zn. This can be of considerable importance if these 
fractions compose the major portion of the soil as was the case with 
the Taunton soil . The clay minerals afte r the initial i ncubation 
period are the most reactive with Zn. They accounted for approximately 
35 to 40 percent of the zn65 recovered in the Portneuf and Millville 
soils. The clay fraction only accounted for 11 percent of the zn65 
recovered in the Taunton soil. This can be explained by the small 
amount of c lay, approximately 4 percent, found in the Taunton soil . 
The effect of the incubation length and organic matter decomposi-
t i on appeared to be one of affecting •mobility" of the Zn. The 
"mobility" cwld either be the result of organic matter decomposition 
or be due just to the length of the incubation. 
Organic matter decomposition could mobilize Zn in several ways. 
Among these are (l) the changes in the pH at the site of the decompo-
sition, freeing Zn from the surfaces of the lime minerals or other 
materials where it was bound, and (2) the possibility of Zn being 
complexed qy the organic matter decomposition products, as supported 
by this experiment. 
The effect of incubation length would be similar to the effect 
due to organic matter decomposition . The mechanism of the incubati on 
effect might be one of constant release and readsorption of Zn by the 
s i tes of its early absorption. With time the Zn bei ng released from 
these sites could react with the sands , silts, and clays before bei ng 
readsorbed onto these surfaces. If this were true there would be an 
increase with time until all the available sites were satisfied on 
these fractions . This was generally the case , with zn65 content of 
the mineral fraction increasing until 12 weeks and then leveling ~ff. 
Stable organic complexes of Zn appeared to be formed by the 
decomposition products of sugar beets in the Portneuf soi l as the zn65 
extracted by 30 percent H202 increased at all incubation pe riods. 
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Table 3. Percent of the total zn65 that appeared in the various size 
fractions for the Millville soil 
Sands Silts Clay 
Treatment >lOOp 50-100).1 20-50)1 5-2()1 2-5)1 -'2)1 
0 Incubation 
0 organic matter 0.6 0,8 2. 2 2.6 4.3 18 . 6 
Alfalfa 0.6 1.1 2.2 2.8 5.4 20.8 
Sugar beets 0.6 0.8 2.0 3 .1 5.4 20 .3 
6 Weeks Incubation 
0 organic matter 1.6 3.9 1.7 3 .7 5.7 38.0 
Alfalfa 1.1 1.4 4.0 3.8 5.0 37.5 
Sugar beets 1.4 1.8 4.5 4.0 2. 0 41.2 
6 Months Incubation 
0 organic matter 1.1 1.4 3 .3 5.4 6.9 29 . 8 
Alfalfa 1.2 1.4 3.3 4. 4 8.0 36.0 
Sugar beets 0.8 1.3 2.5 3-7 6.0 34.5 
12 Months Incubation 
0 organic matter 1.5 2.7 4.5 4. 8 9.1 41.2 
Alfalfa 1.0 1.7 4 .9 5. 3 9.8 39.2 
Sugar beets 1.4 2.4 4.1 4.5 11.7 34 .5 
80 
Table 4. Percent of the total zn65 that appeared in the various size 
fractions for the Taunton soil 
Sands Silts Clay 
Treatment >lOOp. 50-100)1 20-50)1 5-20)1 2-5)1 L2)l 
0 Incubation 
0 org~nic matter 6.0 7.1 6.6 ).6 ).) 6.4 
Alfalfa 5.8 7.6 7.4 4.6 ).1 6.2 
Sugar beets 6.5 7.) 6.5 4.1 2.9 5.5 
6 Weeks Incubation 
0 organic matter 10.5 16 .8 7.0 5.0 2.8 11.9 
Alfalfa 10 .9 12 . 8 9.9 ).1 2.0 12.8 
Sugar beets 9.) 15.7 10 .4 ).3 1.2 14 . 6 
6 Months Incubation 
0 organic matter 12.5 12.8 9.4 7.7 ) .5 11.7 
Alfalfa 11.9 9.8 11.0 6.3 2.5 11.2 
Sugar beets 9.6 10.6 11.9 6.3 4.0 11.4 
12 Months Incubation 
0 organic matter 12 .9 15.6 1).8 7.1 4.4 9.2 
Alfalfa 12.6 17 .) 12.1 7.7 6.7 17. 9 
Sugar beets 1).9 11.7 17 . 9 7.5 5.0 lJ.S 
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Table 5 . Percent of the total zn65 that appeared in the various size 
fractions for the Portneuf soil 
Sands Silts Clay 
Treatment >lOO).l 50-100).1 20-50)1 5-20}1 2-5}1 L2)l 
0 Incubation 
0 organic matter 0.2 1.9 4.9 3.6 4.9 27.5 
Alfalfa 0.1 0.9 4.6 3.5 4.8 27.1 
Sugar beets 0.3 2.3 5.3 3.5 4.7 25 . 2 
6 Weeks Incubation 
0 organic rna tter o. 8 4 .4 8.8 4.4 6.4 39.8 
Alfalfa 0.5 3 . 7 9.1 4.3 3.5 38.4 
Sugar beets 0.6 2.1 6 .5 3.3 ).2 43 .) 
6 Months Incubation 
0 organic matter 0.6 2.5 7.9 5 .0 7.0 )2 .7 
Alfalfa 0.5 2.4 7.1 3. 8 7.3 31. 2 
Sugar beets 0.6 2.4 7.4 5.2 7.6 )4.6 
12 Months Incubation 
0 organic matter 0.7 4.8 9.5 7.1 9.4 36.1 
Alfalfa 0.6 4.9 9.0 7-3 10 . 9 31.6 
Sugar beets 0.1 3.6 7. 5 4.4 5.2 37 . 7 
82 
Table 6 . Percent specific activity for the Millville soil 
Sands Silts Clay 
Treatment >lOOJl 50-lOO)l 20-50)1 5-20)1. 2-5)1 "'2 )l 
0 Incubation 
0 organic matter 0.039 0.031 0 .060 0.172 0.478 1.31 
Alfalfa 0.041 0.041 0.070 0.185 0.572 1.46 
Sugar beets 0.042 0.031 0 .060 0.204 0.605 1.43 
6 Weeks Incubation 
0 organic matter 0.107 0.147 0.052 0.247 0.635 2.67 
Alfalfa 0.074 0.054 0.121 0.250 0.560 2.64 
Sugar beets 0.094 0.062 0.136 0.266 0.223 2.90 
6 Months Incubation 
0 organic matter 0.077 0.051 0.102 0.292 0.894 2.53 
Alfalfa 0.055 0.048 0.075 0.245 0.663 2.42 
Sugar beets 0.103 0.102 0.137 0.317 1.01 2.90 
12 Months Incubation 
0 organic matter 0.103 0.102 0.137 0.317 1.01 2.90 
Alfalfa 0.066 0.064 0.149 0.350 1.09 2.76 
Sugar beets 0.930 0.090 0 .125 0.298 1.32 2.42 
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Table 7. Percent specific activity for the Taunton soil 
Sands Silts Clay 
Treatment >100)1 50-lOOJI 20-50)1 5-20)1 2-5)1 <2p 
0 Incubation 
0 organic matter 0.171 0.246 0.292 0.526 0.924 1.52 
Alfalfa 0.165 0.263 0.328 0.669 0.870 1.47 
Sugar beets 0.185 0.255 0.287 0.589 o.8u 1.31 
6 Weeks Incubation 
0 organic matter 0.300 0.583 0.3ll o. 727 0.786 2.83 
Alfalfa 0.314 0.329 0.440 0.451 0 . 561 3.04 
Sugar beets 0.265 0.545 0 .462 0.480 0.337 3.47 
6 Months Incubation 
0 organic matter 0.358 0.447 0.417 1.13 0.985 2. 78 
Alfalfa 0.340 0.341 0.489 0.919 o·.n6 2.66 
Sugar beets 0.276 0.369 0.531 0.930 1.13 2.71 
12 Months Incubation 
0 organic matter 0.368 0.541 0.613 1.03 1.23 2.19 
Alfalfa 0.360 o.6oo 0.537 1.06 1.88 4.26 
Sugar beets 0 . 397 0.406 0.795 1.09 1.40 3.21 
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Table 8. Percent specific activity for the Portneuf soil 
Sa nds Silts Clay 
Treatment .>100)1 50-100)1 20-50)1 5-20p. 2-5}1 4 2)1 
0 Incubation 
0 organic matter 0.016 0 .107 0.133 0 .256 0.647 1. 57 
Alfalfa 0.050 0.049 0.127 0. 247 0.647 1.55 
Sugar beets 0.121 0.127 0.45 0.250 0.632 1.44 
6 Weeks Incubation 
0 organic matter 0.076 0.247 0.241 0.314 o.B53 2.27 
Alfalfa 0.091 0.207 0,249 0 .307 0.466 2.19 
Sugar beets 0.097 0.117 0.178 0.235 0.426 2.47 
6 Months Incubation 
0 organic matter 0.073 0.141 0.215 0.137 0 .933 1.87 
Alfalfa 0.096 0.136 0.193 0.270 0.970 l. 78 
Sugar beets 0,106 0.133 2.0) 0.367 l.ll 1.97 
12 Months Incubation 
0 organic matter 0,106 0.266 0.26o 0.507 1.25 2,0 
alfalfa 0.091 0. 275 0.246 0.521 1.45 1.80 
Sugar beets 0 .019 0,202 0.205 0.314 0.693 2.15 
